Espécies aniônicas absorvedoras de radiação ultravioleta (UV) (4-metoxibenzoato, N-acetilantranilato, 4-metoxicinamato e 4,4'-diamino-2,2'-estilbenodissulfonato) foram intercaladas em hidroxinitrato de zinco pelo método de co-precipitação ou reação de troca aniônica topotática. A intercalação foi confirmada por difratometria de raios X de pó (XRPD), espectroscopia na região do infravermelho com transformada de Fourier (FTIR), análise térmica (TGA/DTA), microscopia eletrônica de varredura (SEM), difração de elétrons em área selecionada (SAED), análise elementar e espectroscopia eletrônica na região do ultravioleta-visível (UV-Vis). Na reação de co-precipitação uma intercalação completa foi observada, enquanto na reação de troca aniônica os íons nitrato só foram parcialmente substituídos pelos ânions orgânicos. Após a intercalação, a capacidade de absorção de radiação UV foi similar à dos sais e ácidos sólidos, sendo o efeito atribuído ao confinamento das espécies aniônicas na galeria bidimensional da matriz hospedeira. Essa observação abre novas oportunidades para o uso de matrizes lamelares alternativas para a imobilização de ânions, na formulação de protetores solares.
Introduction
Health problems related to the exposure to solar ultraviolet (UV) radiation can be minimized by the use of sunscreens and other cosmetic filters. These products are regularly used by millions around the globe. Because of their frequent and long-term use, special attention has been devoted to the efficiency and safety of these formulations. 1 UV ray absorbing organic molecules are widely employed as active ingredients of sunscreens. Among such substances are anthranilates and cinnamates. 2 Although there are a large number of anthranilates (also known as ortho-aminobenzoates), only two of them are commonly found in commercial products: homomethyl-N-acetyl-anthranilate and methyl-anthranilate. As the UVA ray absorption of these compounds is low, they are usually used together with other UV absorbers. These compounds present good stability and solubility in topical preparations, with absorption maxima around 336 nm for the ortho and 300 nm for the para molecules. 3 On the other hand, the cinnamates constitute a larger group of compounds, seventeen of them having been approved as sunscreens in Europe and four in the United States. The cinnamates are insoluble in water but highly soluble in alcohol, acetone and benzene. They act as absorbers in the UVB region, with maxima around 300 nm. 4, 5 Even though the use of UV ray absorber molecules, due to their high affinity for the stratum corneum, is very widespread, they can be easily absorbed by the body, leading to phototoxic and allergic reactions. [6] [7] [8] To prevent the direct contact of such molecules with human tissues, they can be intercalated into layered structures, such as layered hydroxide salts (LHSs) 9 and other layered materials. [10] [11] [12] The structure of LHSs is derived from that of a generic layered hydroxide (M(OH) 2 ), where a fraction of the hydroxyl sites are substituted by other anions or by water molecules, resulting in a structure with positively charged layers that are electrically balanced by intercalated anions. ). [13] [14] [15] [16] Due to the structural characteristics of LHSs, various kinds of anions can be intercalated, from simple monoatomic species to complex molecules.
The main goal of this work is to further study the intercalation of UV radiation absorbers into LHSs. This could possibly give rise to a new generation of sunscreens that could significantly reduce the absorption of the active molecules by the human skin, avoiding the cause of many allergic reactions and also slowing their photodegradation.
Experimental

Synthesis of zinc hydroxide nitrate
The synthesis of zinc hydroxide nitrate (ZHN) was carried out following a procedure described elsewhere. 17, 18 In short, it was prepared by the slow addition of an aqueous NaOH solution (1 mol L −1 ) into 70 mL of aqueous solution containing 17.5 mmol of Zn(NO 3 ) 2 ·6H 2 O, under magnetic stirring, with the final pH adjusted to around 6.5. The solid was separated by centrifuging at 4000 rpm for 5 min, followed by extensive washing with distilled water (5 times). The final white solid was dried under vacuum at 60 °C for 24 h. The prepared ZHN was used as a matrix for the intercalation of several organic UV ray absorber anions, whose acids are shown in Figure 1 .
Preparation of the intercalation compounds
Exchange reaction
An intercalation compound with 4-methoxybenzoate was prepared by the slow addition of 50 mL of an aqueous solution of NaOH (1 mol L −1 ) to 70 mL of a suspension containing 4.7 mmol of 4-methoxybenzoic acid (Figure 1a ) in decarbonated water, to obtain a solution of sodium 4-methoxybenzoate salt. To this solution, ZHN (2 mmol) was added and the suspension was magnetically stirred at 60 °C for 4 days, before being centrifuged and extensively washed with distilled water (4 times). The final white solid (ZHN-MB) was dried under vacuum at 60 °C for 24 h. The same procedure was followed to synthesize the product with N-acetylanthranilic acid (Figure 1b, ZHN-NAA) .
Synthesis by co-precipitation
As some organic anions do not have the sufficient thermodynamic driving forces to displace the intercalated nitrate anions from the ZHN structure, new attempts Figure 1 . Organic UV ray absorbing molecules used in the intercalation reactions with ZHN. Vol. 22, No. 6, 2011 were made to produce these compounds by direct co-precipitation. The intercalation compound with 4-methoxycinnamate ( Figure 1c ) was prepared by dissolving 2.5 mmol of 4-methoxycinnamic acid in 20 mL of an aqueous solution of NaOH (0.4 mol L −1 ). To this, 20 mL of a solution containing 7.5 mmol of Zn(NO 3 ) 2 ·6H 2 O was slowly added and the final pH was adjusted to around 7 by the addition of a NaOH (0.4 mol L −1 ) solution. The suspension was magnetically stirred at room temperature for 3 days, before being centrifuged and washed 5 times with distilled water. The final white solid (ZHN-MC) was dried under vacuum at 60 °C for 24 h. The same procedure was followed to synthesize the product with 4,4'-diamino-2,2'-stilbenedisulfonic acid (Figure 1d ), denoted ZHN-DSD.
Characterization
X-ray powder diffraction (XRPD) patterns were recorded with a Shimadzu XDR-6000 instrument using CuK α radiation (λ = 1.5418 Å) in Bragg-Brentano geometry, with a dwell time of 1° min −1 . The samples were placed and oriented by hand by pressing on neutral glass sample holders.
The FTIR spectra were recorded with a BioRad FTS 3500GX and a Bomem Michelson MB100 spectrophotometers, using approximately 1% sample in 100 mg of spectroscopic grade KBr. The pellets were pressed at 10 ton. The measurements were performed in transmission mode with accumulation of 32 scans and recorded with a nominal resolution of 2 cm −1 . Thermal analyses (thermogravimetry-TGA and differential thermal analysis-DTA) were performed in 150 µL alumina crucibles with a Mettler-Toledo TG/ SDTA 851e Thermoanalyser under a 50 mL min −1 oxygen flow, at a heating rate of 10 °C min −1 , in the range of 30-1000 °C.
The diffuse reflectance ultraviolet-visible (DRUV-VIS) spectra were obtained at room temperature in the region of 240-800 nm, at intervals of 0.5 nm, with a Shimadzu UV-2401PC spectrophotometer equipped with a Model 240-52454-01 integration sphere.
Scanning electron microscopy (SEM) analyses of the samples were carried out (after metallization with gold) with a JEOL JSM 6360 LV microscope operating at 15 kV. Selected area electron diffraction (SAED) measurements were performed with a JEOL JEM 1200 EX-II transmission electron microscope (TEM) operating at 80 kV for pure HZN and 50 kV for the compounds obtained by co-precipitation. Calibration of the electron diffraction to SAED measurements was carried out using an Au sample as reference.
Results and Discussion
The XRPD patterns of ZHN and the compound prepared by co-precipitation with 4,4'-diamino-2,2'-stilbenedisulfonic acid are shown in Figure 2 .
The product obtained from the alkaline precipitation shows the formation of a crystalline phase of the zinc hydroxide nitrate (Zn 5 (OH) 8 (NO 3 ) 2 ·2H 2 O = ZHN), identified by the JCPDS file number . 19 The diffraction pattern shows an intense reflection due to the (200) plane of the monoclinic structure, with a basal spacing of 9.77 Å (Figure 2c ).
For the direct synthesis from 4,4'-diamino-2,2'-stilbenedisulfonic acid in the presence of zinc nitrate through alkaline co-precipitation, the basal spacing of the product (ZHN-DSD) was measured as 15.48 Å (Figure 2d ). This indicates the presence of the organic anion between the inorganic layers of the matrix, with a basal expansion of 5.71 Å from the original compound. The preservation of the layered structure of the matrix is confirmed by the presence of the basal reflections, which are uniformly distributed between 5° and 35° (in 2θ). In the region of 16° (in 2θ), the small peak indicated by an "*" is of one unknown phase, but it is not attributed to the 4,4'-diamino-2,2'-stilbenedisulfonic acid.
The FTIR spectra of the same compounds are shown in Figure 3 .
The FTIR spectrum of the ZHN (Figure 3c ) presents an intense band at 1384 cm −1 , characteristic of the nitrate ion with D 3h symmetry (ν 3 mode) 18 . A broad band around 3500 cm −1 is also seen, attributed to the vibration of the hydroxyl groups, which have multiple hydrogen bonds with physisorbed/ intercalated water molecules. A narrow band present at 3575 cm −1 is also attributed to hydroxyl groups, but in this case from the crystal lattice, with a well defined vibration energy. 20 The FTIR spectrum of the 4,4'-diamino-2,2'-stilbenedisulfonic acid (Figure 3a ) presents a band between 3140 and 2920 cm −1 that is attributed to the axial deformation of aromatic N−H and C−H aliphatic groups. Normally the symmetric and asymmetric axial deformations of the S=O groups are visible around 1350-1342 cm −1 and 1165-1150 cm
, respectively. However, it was not possible to identify these bands because such values are due to the anhydrous form of the acid, which promptly hydrates to a hydronium-sulfonate, thus giving rise to bands around 1230-1120 cm −1 . 21 These hydrated form bands are present in the acid at 1200 cm −1 and also in its sodium salt (Figure 3b ) and in the ZHN-DSD compound (Figure 3d) . The axial deformation bands of the aromatic C=C groups around 1613 and 1482 cm −1 seen in the acid, its sodium salt and, most importantly, in the ZHN-DSD compound, further confirm the intercalation of the organic anion.
To study the behavior of the product in the ultravioletvisible region, DRUV-VIS spectroscopy was conducted (Figure 4) . The Kubelka-Munk function was applied to the study of optically thick samples, where more than 50% of the light is reflected and less than 20% is transmitted. 22 The experimental reflectance spectra were converted by the reemission function of Kubelka-Munk, defined as:
2 / 2R = k/s, where R is the reflectance, k is the absorption coefficient and s is the dispersion coefficient. 23 Assuming that the dispersion coefficient varies minimally as a function of the wavelength, the reemission function areas and the absorption function areas of the spectra should be very near each other.
The yellowish 4,4'-diamino-2,2'-stilbenedisulfonic acid has an absorption maximum in the region around 250-354 nm (Figure 4b ), covering the entire UVB region and part of the UVA region. Its orange colored sodium salt absorbs in the region around 240-379 nm, covering the UVC to UVA regions (Figure 4c) .
The ZHN-DSD product has a light beige color, which can be considered esthetically more pleasing and thus more usable than the strong-colored free acid and its sodium salt. It has a significant absorption in the whole ultraviolet region, from UVA to UVC (Figure 4d ), slightly less intense in the higher wavelengths than the free sodium salt due to the dilution effect after intercalation into the ZHN layered material. The organic molecule slightly increases its range to absorb UV light, and this effect can be interpreted on the basis of the spatial confinement of the anionic species in the interlayer LHS space, lowering the symmetry of the intercalated anion in comparison to the molecules in the solid salt or acid, and also to supramolecular host-guest interactions (electrostatic attraction, hydrogen bonding and van der Waals forces). The stability of the ZHN-DSD product was tested by stirring in water for 2 h. After this treatment, the absorption in the ultraviolet region was virtually unchanged (Figure 4e ). In addition, the XRPD pattern of this product (not shown) showed no changes in relation to the original product.
24,25
Thermal analysis (TGA/DTA) results from ZHN (not shown) reveal a complex decomposition profile with a series of endothermic events around 200 °C (129, 163, 214 and 262 °C), attributed to loss of water, both adsorbed and structural, which comprises 6% of the total mass up to 131 °C. Between 131 and 552 °C a mass loss of 27% occurs, attributed to the matrix dehydroxylation along with nitrate decomposition. 26 The mass losses are consistent with the formula Zn 5 (OH) 8 (NO 3 ) 2 ·1.74H 2 O, close to the theoretical formula.
TGA/DTA measurements were performed to estimate the composition of the intercalation compounds ( Figure 5 ).
The thermal analysis curves of ZHN-DSD show three main thermal events. The first two correspond to the removal of physisorbed/intercalated water molecules, associated with two DTA peaks at 160 and 215 °C. The third thermal event is attributed to the oxidation of organic matter and dehydroxylation of the layered matrix, producing ZnO, as attested by XRD (not shown). With this information, it was possible to estimate the composition of the compounds as being Zn 5 (OH) 8 Morphological analyses of the ZHN (Figure 6a ) and ZHN-DSD (Figure 6b) were performed by SEM. The precursor ZHN is characterized by tabular particles with well defined corners and a wide size distribution, in accordance to what has already been reported for similar compounds. 16 The co-precipitated ZHN-DSD compound was also characterized by tabular particles with well defined corners, these however being much larger than those of the ZHN and very fragmented, due to the magnetic stirring. Figure 7 presents the XRPD patterns of the ZHN derivatives with 4-methoxybenzoate, ZHN-MB (Figure 7b ), 4-methoxycinnamate, ZHN-MC (Figure 7c) and N-acetylanthranilate, ZHN-NAA (Figure 7d) .
The basal spacing of the ZHN-MB and ZHN-MC compounds increased from the original 9.77 Å of the pristine ZHN to 18.67 and 20.13 Å, respectively. This strongly indicates the substitution of the originally intercalated nitrate anion by the corresponding organic anions employed. It can also be seen that these products are possibly contaminated with phases presenting various degrees of hydration or formation of stage intermediate phase, characterized by low intensity peaks at 26.5 and 26.9 Å for ZHN-MC and ZHN-MB, respectively. The X-ray diffraction patterns of the ZHN-NAA compound (Figure 7d) show no clear distinction in the basal distances from the original ZHN, suggesting that the organic anion was not intercalated. This is probably due to the incompatibility between the positions of the negative charges in the N-acetylanthranilate and the positive charges in the ZHN structure. However, no diffraction peaks due to the free acid or its sodium salt could be detected.
The FTIR spectra of 4-methoxycinnamate, 4-methoxybenzoate, N-acetylanthranilate and their ZHN derivatives can be seen in Figure 8 . Bands attributed to vibrational modes from the N-acetylanthranilate anion are present in the FTIR spectrum of the ZHN-NAA product (Figure 8g ). In this case, the bands at 1515 and 1415 cm −1 are attributed to the asymmetric and symmetric carboxylate stretching modes. Between 2900 and 2850 cm −1 , weak bands from the axial deformation of methyl C−H bonds are also present. In addition, the characteristic nitrate band at 1384 cm −1 is still present. The presence of these organic bands and the fact there was no change in the basal spacing of the matrix suggests that the N-acetylanthranilate molecules are adsorbed on the surface of the ZHN particles.
For the ZHN-MB and ZHN-MC compounds, the presence of the intercalated organic UV ray absorbing anions can be attested by their FTIR spectra (Figures 8c  and 8e) . Around 1540 and 1420 cm , bands attributed to carboxylate asymmetric and symmetric stretching modes are observed, as well as bands between 3070 and 2840 cm −1 , attributed to the axial deformation of C−H groups in aromatic rings and methyl groups, 27 alongside other bands Table 1 . Bands attributed to the inorganic matrix are also present, like the broad signal between 3600 and 3350 cm −1 , characteristic of lattice hydroxyl groups. The thermal profiles of the ZHN-MB and ZHN-MC compounds (not shown) are very similar, presenting two major events, the first one attributed to water loss (endothermic event around 150 °C) and the second one attributed to the dehydroxylation of the matrix and burning of the organic matter (exothermic event around 400 °C). As discussed for the ZHN-DSD, the TGA/DTA analysis allows us to estimate the formula of the compounds as Zn 5 (OH) 8 The DRUV-VIS spectroscopic analysis of the ZHN-NAA compound (Figure 9d ) presented absorption bands similar to those of the free acid (Figure 9c ), its sodium salt (Figure 9b ) and also the ZHN (Figure 9a) .
However, in the UVA region, a shifted absorption maximum not seen in any of the precursors can be observed in the product. This is another indication that the UV-absorbing organic molecules are adsorbed on the ZHN particles outer surfaces. The white-colored sodium 4-methoxybenzoate presented an absorption maximum around 250-290 nm, covering the UVC to the UVB regions, as seen from the DRUV-VIS results (Figure 10d ). After intercalation, the ZHN-MB product, also white, presented one absorption maximum around 253 nm (Figure 10e) . Results from the DRUV-VIS spectroscopy analysis of the ZHN-MC compound (Figure 10c ) presented one absorption maximum around 297 nm, not absorbing in the visible region (λ > 400 nm). This characteristic is possibly an advantage to the cosmetics industry, where colored additives are not always desired. In addition, this product absorbs in a broad spectral range, including UVC and UVB regions and a small part of the UVA region. This behavior is closely related to the sodium 4-methoxycinnamate, with an absorption range between 240 and 308 nm (Figure 10b ), but significantly different than the 4-methoxycinnamic acid (not shown), with a maximum around 264-387 nm.
As in the case of the ZHN-DSD compound, scanning electron microscopy images of the products obtained by co-precipitation (ZHN-MC) and exchange reaction (ZHN-NAA) (Figures 11b and 11c ) showed tabular particles with larger size and wider size distribution than those of ZHN (Figure 11a ). The crystal growing process can be attributed to dissolution and re-precipitation during the exchange reaction.
The SAED pattern of the compounds obtained by coprecipitation confirmed that the basic structure is from the ZHN and the only difference between the products is the basal distance observed by XRD measurements have interesting UV ray absorbing properties, sometimes even enhancing the absorption range of their precursors. Further research on these compounds could be very fruitful to the cosmetics industry, especially because zinc oxide is generally recognized as safe (GRAS) and is widely used as antiseptic and whitening pigment in cosmetic formulations.
(see Figures 2 and 7) . Figure 12 shows the standard SAED for the ZHN matrix and for the compounds obtained by coprecipitation. The ZHN matrix presented good structural stability to perform the analysis, as did the co-precipitated sample with stilbenedisulfonate (ZHN-DSD), both of them presenting large single crystals. In the case of the sample co-precipitated with methoxycinnamate (ZHN-MC), the crystals are too small, generating a standard polycrystal, as shown in Figure 12c . In addition, the structural stability of this sample is too low to be analyzed under normal conditions. The analysis then needs to be carried out at −43 °C with a low-energy electron beam.
The indexed spots for the ZHN correspond to the non basal direction contributions, showing that the layer stacking occurs along the [100] axis. This crystallographic orientation is the same in all samples analyzed by SAED and no changes were observed in the spacing perpendicular to the layers. This shows that the stilbenedisulfonate and methoxycinnamate anions, in the co-precipitation process, are only intercalated between the layers, as observed by XRD in Figures 2 and 7 , preserving the layer as in the ZHN structure. Probably the basal spacing of 20.13 Å obtained for the sample co-precipitated with cinnamate reduces the cohesion between the layers, causing their low stability under the electron beam.
Conclusion
Layered zinc hydroxide nitrate was used as host for organic UV ray absorbing anions. 4-Methoxycinnamate, 4 -m e t h o x y b e n z o a t e a n d 4 , 4 ' -d i a m i n o -2 , 2 ' -stilbenedisulfonate ions were intercalated between the ZHN layers, whereas the N-acetylanthranilate anion was mostly likely adsorbed on the outer surfaces of the hydroxide salt particles. The products were characterized by XRPD, FTIR, TGA/DTA, DRUV-VIS spectroscopy, SEM and SAED. The results show that the organic-inorganic derivatives
